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Fig. 1. The correlation coefficients between the observed and predicted Niño SST indices 
Gray line denotes the correlation persistence for observed August from 1996-2009. (a) 
Niño3, (b) Niño3.4 and (c) Niño4, respectively. 
Fig. 2. The correlation coefficients between the observed and predicted SST in (a) November, 
(b) December and (c) January from 1996-2009. Black dots indicate that the correlation 
skills is higher than that of the persistence and the correlation 0.3. 
Fig. 3. The same as Fig. 2 except for the precipitation. 
Fig. 4. Regression of 850-hPa geopotential height (shaded; m) and wind (vector; m/s) with 
respect to Niño3 SST for 850-hPa in (a) November, (c) December and (e) January, and 
for 500-hPa in (b) November, (d) December and (f) January from 1996-2009. Black 
wind vector indicates the region exceeding the 90 % confidence level. 
Fig. 5. The same as Fig 4, except for the GloSea5 prediction. 
Fig. 6. Linear regression of precipitation with respect to Niño3 SST of the prediction (left 
panels) and the observation (right panels) in November, December and January during 
ENSO peak phase for the period of 1996-2009. Black dots indicate the 90 % 
confidence level. 
Fig. 7. Difference in GloSea5 and the observation regressed fields of precipitation with 
respect to Niño3 SST in (a) November, (b) December and (c) January during ENSO 
peak phase for the period of 1996-2009. 
Fig. 8. Difference between January and December regressed field of precipitation with respect 
to Niño3 SST of the prediction (left panels) and the observation (right panels). 
 
Fig. 9. The area-averaged precipitation regressed with respect to Niño3 SST in November, 
December and January for the period of 1996-2009 (a) WNP (110˚E-150˚E, 0˚N-
10˚N) and (b) equatorial CP (180˚E-130˚W, 5˚S-5˚N). 
Fig. 10. The precipitation ensemble spread (        ) between the 12 members of GloSea5 
in (a) November, (b) December and (c) January from 1996-2009. 
Fig. 11. El Niño composites of precipitation for the strong WNP case (left panels) and strong 
CP case (right panels) in November, December and January for the period of 1996-
2009. Black dots indicate the 90 % confidence level. 
Fig. 12. The same as Fig 11, except for geopotential height and wind at 850-hPa. 
Fig. 13. The monthly mean precipitation climatology of the prediction (left panels) and the 
observation (right panels) in November, December and January from 1996-2009. 
Fig. 14. The same as Fig 13, except for geopotential height and wind at 500-hPa. 
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Though tropical SST anomalies associated with El Niño change slowly during the 
mature phase of El Niño, the resultant extratropical teleconnection patterns are quite different 
with time. In this study, the intra-winter changes in the teleconnection pattern associated with 
El Niño are investigated using the NCEP reanalysis and observational data and the high-
resolution seasonal prediction data. The observational analyses show that there are 
distinctively changes in the teleconnection pattern over the North Pacific within the winter. In 
the early winter (November-December) of El Niño years, there is a distinctive anomalous 
Kuroshio anticyclone, which is closely related to the East Asian climate. In January, in 
contrast, the Kuroshio anticyclone suddenly disappears and a strong cyclonic flow, which is 
 
part of the Pacific-North American (PNA) teleconnection pattern, develops. It is suggested 
that the intra-winter changes are controlled by the relative roles of the equatorial central 
Pacific (CP) and western north Pacific (WNP) precipitation anomalies on the extratropical 
teleconnection over the North Pacific. On the other hand, the prediction data failed to capture 
the observed intra-winter changes in the teleconnection pattern, though the predictive skills 
for tropical SST and precipitation are high. It is revealed that this model’s discrepancy in the 
extratropical teleconnection is partly originated from the failure in predicting the relative 
magnitude of CP and WNP precipitation anomalies. Further analyses on the ensemble spread 
of the prediction data support the relative roles of CP and WNP precipitation anomalies in 
affecting the extratropical circulation over the North Pacific. 
 
Key words: ENSO, East Asia climate, teleconnection, GloSea5 
1. Introduction 
 
 The El Niño-Southern Oscillation (ENSO) is a large-scale climate phenomenon in the 
tropical Pacific Ocean that extensively influences the global weather and climate (Bjerknes, 
1969; Horel and Wallace, 1981). The tropical sea surface temperature (SST) variations alter 
the mid-latitude climate through the atmosphere-ocean interaction and tropics-mid-latitude 
teleconnection (Hoskins and Karoly, 1981; Trenberth et al., 1998; Wang and Fu, 2000; Wang 
et al., 2000; Diaz et al., 2001; Ashok et al., 2007; Kug et al., 2009; Yeh et al. 2014). Thus far, 
many studies have investigated the relation between the tropical Pacific Ocean SST variation 
and the mid-latitude systems. In particular, El Niño is known to have direct and indirect 
influences on the climate in East Asia, including East China, Korea, and Japan via the 
teleconnection (Nitta, 1987; Ha, 1995; Ahn et al., 1997; Kang, 1998; Yang and Lau, 1998; 
Cha et al., 1999; Wu et al., 2003; Kug et al., 2010; Lim and Kim, 2013; Zhou et al., 2014). 
The East Asian climate is affected by several dynamic factors, not only by the tropical Pacific 
Ocean SST but also by the internal atmospheric variability and other climate phenomena. In 
this sense, there is still a large uncertainty in understanding the dynamical processes on 
impact of El Niño. 
 Wang et al. (2000) suggested a dynamical process on how the ENSO can affect East 
Asian climate. They suggested that the anticyclonic flow develops in the Philippine Sea 
during the boreal winter of El Niño phase. This anticyclone induces a southerly wind and 
transports the warm and moist air toward East Asia. As a result, the precipitation and 
temperature increase over East Asia. Wang et al. (2000) also pointed out that the Philippine 
Sea anticyclone moves northeast by the air-sea interaction in the western North Pacific (WNP) 
and is sustained until the following year summer, i.e., the El Niño mature phase, continuously 
 
influencing the East Asian climate. As well as the local air-sea interaction, the Philippine Sea 
anticyclone can be intensified from the impact of the Indian Ocean SST warming (Watanabe 
and Jin, 2002; Xie et al., 2002; Lau and Nath, 2003; Kug and Kang, 2006; Kug et al., 2006a,b; 
Yang et al., 2007; Yuan et al., 2012). Recently, it is suggested that the Philippine Sea 
anticyclone can be understood as a result of the nonlinear interaction between the annual 
cycle and the ENSO mode (Stuecker et al., 2013). 
 Although the Philippine Sea anticyclone plays a quite important role in the relation 
between the ENSO and East Asian climate system, Son et al. (2014) emphasized that it is 
insufficient to explain the East Asia connection by the Philippine Sea anticyclone only. For 
example, the Philippine Sea anticyclone is confined in the subtropics, making it difficult to 
impact the mid-latitude region north of 30°N. Son et al. (2014) suggested that in addition to 
the Philippine Sea anticyclone the Kuroshio anticyclone, located in the North Pacific, 
significantly affects the climate variability in East Asia, covering East China, Korea, and 
Japan. They further emphasized that the Kuroshio anticyclone exists in November and 
December; but it suddenly disappears in January. The development and sudden decay of the 
Kuroshio anticyclone significantly influences the relation between El Niño and East Asian 
climate. 
 Son et al. (2014) suggested the El Niño teleconnection processes through the 
observational analyses and linear baroclinic model (LBM) experiments. It is known that 
anomalous diabatic cooling due to the suppressed convective heating over the WNP is 
responsible for developing the Philippine Sea anticyclone in the lower troposphere and the 
cyclonic flow in the upper troposphere. The upper level cyclonic flow leads to the 
extratropical anticyclone via the Rossby wave energy propagation, which is a key process in 
the development of Kuroshio anticyclone. At the same time, the positive precipitation 
anomalies over the equatorial central Pacific (CP) can lead to the Pacific North America 
 
(PNA) pattern, which is linked to the overall cyclonic flow over the North Pacific (Ratnam et 
al., 2010). Therefore, the cyclonic flow induced by the positive precipitation over the 
equatorial CP competes with the anticyclonic flow induced by the negative precipitation over 
the WNP. Son et al (2014) argued that the Kuroshio anticyclone exists in the early winter due 
to the relatively strong WNP negative precipitation anomalies. However, in January, the 
Kuroshio anticyclone suddenly disappeared because the weakened negative precipitation 
anomalies over the WNP cannot beat the effect of positive precipitation anomalies over the 
equatorial CP. 
 Though Son et al. (2014) showed the observed evidences on the dynamical processes 
reasonably, their study has limitations due to their relatively shorter data sample. The seasonal 
prediction data will be a good test bed to evaluate this observational hypothesis. The objective 
of this study is to support the observational argument by analyzing the high resolution 
seasonal prediction data. Particularly, the compensating role between the WNP and the 
equatorial CP precipitation anomalies in the development and sudden extinction of the 
Kuroshio anticyclone will be intensively examined. At the same time, we can evaluate how 
well the current operational climate model simulates the observed teleconnection associated 
with El Niño. 
 Section 2 describes the observational data and the seasonal prediction data. In order to 
verify the seasonal prediction skill, the relationship between the observational data and 
simulation is included in Section3, and the teleconnection dynamics toward East Asia 
associated with ENSO is suggested in Section 4. Section 5 investigates the teleconnection 
difference from each ensemble spread consisting of the 12 members. The chapter ends in 
Section 6 with a summary and discussion including the implications of this study. 
2. Data and model 
 
2.1 GloSea5 model 
Global Seasonal Forecast System version 5 (GloSea5) is the newest seasonal 
prediction model with a higher horizontal resolution version than the previous version 
(GloSea4) by the United Kingdom the Met Office (MacLachlan et al., 2014). This model is 
based on the HadGEM3 coupled model from the Met Office, and HadGEM3 is composed of 
the atmosphere model from MetUM (Met Office Unified Model; Walters et al., 2011), ocean 
model from NEMO (Nucleus for European Modeling of the Ocean; Madec, 2008), sea ice 
model from CICE (The Los Alamos Sea Ice Model; Hunke and Lipscomb, 2010) and land 
surface model from JULES (Joint UK Land Environment Simulator; Best et al., 2011). The 
horizontal resolution has increased by 0.833°×0.556° in the atmosphere and land surface 
model. Also, the grid in the ocean and the sea-ice model has improved from 1° to 0.25°. The 
ocean and sea-ice model are initialized by using the three-dimensional ocean data assimilation 
of NEMO (Mogensen et al., 2012), the new data assimilation system that uses identical 
resolution and physical parameterization. 
 The seasonal prediction data used in this study is produced by the Korea 
Meteorological Administration at the work-site operation in 2013. During the work-site 
operation period, GloSea5 hindcast is implemented for model climatological value and 
verification. The hindcast is carried out for 14 years from 1996-2009. It consists of 12 
ensemble members, which are obtained from four different starting dates (1, 9, 17 and 25 of 
September) with the 3 different initial conditions. In this study we use the monthly mean 




2.2 Reanalysis and Observation data 
The observation data for the atmospheric circulation is obtained from the monthly 
mean National Centers for Environmental Prediction/the National Center for Atmospheric 
Research (NCEP/NCAR; Kalnay et al., 1996) reanalysis data in order to compare with the 
seasonal prediction data. The grid spacing in the reanalysis data is a 2.5˚ latitude-longitude 
resolution, and the dataset used is from 1996 to 2009. For the precipitation monthly mean 
CPC Merged Analysis of Precipitation (CMAP; Xie and Arkin, 1997) data is used with the 
same resolution and the period. Also, NOAA Extended Reconstructed SST version 3 
(ERSST.v3d; Smith et al., 2008) is analyzed for the tropical Pacific SST variation. 
3. Verification of the prediction skill 
 
Before we analyze the dynamical processes using the forecast data, the prediction skill 
of GloSea5 is investigated. Figure 1 shows the correlation skill of Niño3 (150˚W-90˚W, 5
˚S-5˚N), Niño3.4 (170˚W-120˚W, 5˚S-5˚N) and Niño4 (160˚E-150˚W, 5˚S-5˚
N) SST, respectively. Though the correlation skill rapidly decreases after March, possibly due 
to the spring predictability barrier (SPB; Webster and Yang, 1992; Chen et al., 1995; Webster, 
1995; Chen et al., 2004; Jin et al., 2008; Duan and Wei, 2013), GloSea5 shows a quite high 
skill with more than 0.9 correlation during the boreal winter. This indicates that the model 
prediction captures the El Niño variability quite well during the boreal winter time, which is 
the target period for the analyses. The anomaly correlation is higher than the persistence for 
the three indices though it becomes lower from February prediction. 
 In addition to the El Niño indices, GloSea5 reasonably predicts the SST pattern. 
Figure 2 shows the correlation skill for the tropical SST. As seen in Figure 1, GloSea5 
exhibits a very high correlation over the equatorial central and the eastern Pacific. Though the 
correlation is relatively lower than those of the equatorial central and the eastern Pacific, 
GloSea5 also estimates the significant correlation in the WNP from November to December. 
Interestingly, the forecast skill in January is higher than that in November over the WNP in 
spite of the longer lead time. In addition, the skill over the Indian Ocean is also quite high. 
In order to understand the extratropical teleconnection pattern, it is important to know 
how well the model predicts the tropical precipitation. To evaluate this, the correlation skill 
for the precipitation is calculated from GloSea5. As shown in Figure 3, GloSea5 has a high 
prediction skill over the equatorial central and the eastern Pacific. It is also noted that there is 
a significant correlation over the WNP, whose precipitation variability is quite important for 
 
the developing Kuroshio anticyclone. It is interesting that there is a significant skill over East 
Asia in November and January. Son et al. (2014) showed that the precipitation variability in 
the Korean Peninsula is highly correlated with the El Niño index in November and December, 
but their relation is weakened in January. This significant skill in East Asia can be a result of 
its close relation with ENSO, which will be discussed below. In addition, there is also a 
significant prediction skill over the Indian Ocean. The SST and the precipitation variability 
over the Indian Ocean are affected by the El Niño phase (Klein et al., 1999; Webster et al., 
1999; Ashok et al., 2001; Lau and Nath, 2003; Xie et al., 2002; Kug et al., 2004, 2005). So far, 
we showed that the model has a good skill where the El Niño-related signal is strong in the 
observation. This suggests that the model has the ability to simulate the observed El Niño 
patterns and can provide a good test bed to evaluate the observational hypothesis on the intra-
winter changes in the El Niño teleconnection to East Asia. 
4. Teleconnection over East Asia and North Pacific 
 
 Prior to showing the teleconnection pattern from the model prediction, the 
observational teleconnection pattern associated with El Niño is calculated. For this, the linear 
regression of the wind and geopotential height anomalies at 850-hPa and 500-hPa with 
respect to the Niño3 SST are shown in Figure 4. Son et al. (2014) already showed a similar 
analysis, but in this study we only used the data from 1996/1997 to 2009/2010 in order to 
directly compare it with the prediction result. 
 In November, the anticyclonic flow over the Philippine Sea exists at both 850-hPa and 
500-hPa (Figure 4a, b). The anticyclone is stronger in the lower level, supporting that the 
Philippine Sea anticyclone is a part of the response to anomalous diabatic heating related to 
the negative precipitation anomaly (Wang et al. 2000). This Philippine Sea anticyclone can 
lead to the anomalous southerly wind along the coastal line of the Eurasian Continent in the 
subtropics. In addition to the Philippine Sea anticyclone, there is a distinctive anticyclone 
over the Kuroshio expansion region. This Kuroshio anticyclone signals are clearly shown in 
both 850-hPa and 500-hPa field, but it is stronger at 500-hPa unlike the Philippine Sea 
anticyclone. It is evident that the strong southerly wind exists in the western part of the 
Kuroshio anticyclone, including the Korea Peninsula and Japan, which affects the climate 
variability. On the other hand, the cyclonic flow exists in the eastern part of the North Pacific. 
Until November, the zonal scale of this cyclonic flow is relatively small, and its magnitude is 
relatively weak. 
 In December, the Philippine Sea anticyclone moves eastward but the magnitude is 
maintained. The Kuroshio anticyclonic flow also tends to move slightly westward. In addition, 
the center is shifted to the south compared to that in November. Therefore, the southerly wind 
 
is intensified over the Korean Peninsula and Japan. On the other hand, the cyclonic flow near 
the North America is reinforced and stretches out westward in high latitude around 50˚N. It 
seems that the southward shift of the Kuroshio anticyclone region is related to the westward 
expansion of the cyclonic flow. Interestingly, it is noted that the distinctive cyclonic flow 
prevails over the Eurasian Continent. In addition to the Kuroshio anticyclone, this cyclonic 
flow plays an essential role in strengthening the southerly wind in East Asia. 
 Atmospheric circulation in January shows dramatic changes compared to that in 
November and December (Figure 4e, f). In the tropics, the Philippine Sea anticyclone widens 
eastward in the lower level. In addition, the meridional extent of the Philippine Sea 
anticyclone is exceedingly expanded. At 500-hPa, there is an overall anticyclonic flow in the 
subtropical region. As suggested in Son et al. (2014), the Kuroshio anticyclone suddenly 
disappears in January and a weak cyclonic flow is found over East Asia. While the Philippine 
Sea anticyclone induces southerlies confined in the subtropics, the weak northerlies exist over 
East Asia. The change of the anomalous wind direction from December to January results in 
dramatic intra-winter changes in the relationship between ENSO and the East Asian climate 
(Son et al. 2014). 
 On the other hand, the north Pacific cyclonic flow explosively develops in comparison 
with that in December. This cyclonic flow can be interpreted as a part of the PNA pattern, 
explained by the forced Rossby wave response to the equatorial diabatic heating associated 
with El Niño, which affects the North American climate (Hoskins and Karoly, 1981). 
Previous studies pointed out that the intensity of the PNA pattern response is stronger in the 
late winter period (Livezey and Mo, 1987; Livezey at al., 1997; Wang and Fu, 2000; Blade et 
al., 2008). It is conceived that the abrupt decay of the Kuroshio anticyclone is closely 
connected to the explosive development and westward expansion of the anomalous cyclonic 
flow over the north Pacific region. Interestingly, the distinct cyclonic flow located in the 
 
Eurasian continent no longer exists in January. This rapid change of the atmospheric 
circulation over Eurasian Continent during the El Niño events should be further studied. 
 So far, we showed intra-winter changes in the El Niño teleconnection patterns from 
the observations, which show dramatic changes between December and January. The overall 
features are quite consistent with the findings of Son et al. (2014), indicating the robustness to 
the analyzing period. Next, in order to support the observational argument and to assess the 
models’ ability, we checked the same teleconnection patterns from the GloSea5 prediction 
data (Figure 5). It is clear that GloSea5 reasonably simulates the Philippine Sea anticyclone in 
the lower level in November (Figure 5a). However, the model tends to underestimate the 
strength of Kuroshio anticyclone compared to the observation data. The anticyclonic flow 
exists weakly at 500-hPa with its location being shifted westward, and is even invisible at 
850-hPa. Alternatively, the north Pacific cyclonic flow is stronger than that in the observation 
data in November. 
In December, the Philippine Sea anticyclone evolves eastward, consistent with the 
observation. The Kuroshio anticyclone is enhanced in December compared to November, but 
in general it is still smaller and weaker than in the observation. The Kuroshio anticyclonic 
flow exists in both vertical levels, so that the southerly wind exists in East Asia. The 
precipitation prediction skill over East Asia showed in Figure 3a, b can be linked with the 
southerly wind. It is also noted that the dominant cyclonic flow over the north Pacific is 
further enhanced in December, which is still stronger than the observational one (Figure 5c, d). 
 Consistent with the observation, the Kuroshio anticyclone is weakened in January 
compared to that in December, but the anticyclonic flow still exist in January unlike the 
observation. This indicates that the prediction model fails to simulate the observed sudden 
disappearance of the Kuroshio anticyclone, though the magnitude of the anticyclone becomes 
 
weaker than in December. This means that GloSea5 has problems in simulating 
teleconnection pattern and the related impacts associated with ENSO. 
 Son et al. (2014) suggested that the development and sudden dissipation of the 
Kuroshio anticyclone are closely connected to the tropical precipitation pattern associated 
with ENSO. During the El Niño events, positive precipitation anomalies occur in the 
equatorial CP, shifting the strong convective activity toward the equatorial CP. Almost 
concurrently, the negative precipitation anomalies arise with relatively suppressed convection 
in the equatorial western Pacific. The anomalous diabatic cooling due to the weak convection 
over the WNP induces a cyclonic flow in the upper level and the Philippine Sea anticyclone in 
the lower level (Gill, 1980). The upper level cyclonic flow over the WNP leads to the 
anticyclone in the mid-latitudes through a Rossby wave energy propagation (Hoskins and 
Karoly, 1981). The Kuroshio anticyclone can be explained by the forced Rossby wave 
response from the tropical diabatic cooling. In the mid-latitudes, the upper level anticyclone 
induces the anticyclonic flow in the lower level, maintaining the barotropic structure. During 
the boreal winter, particularly in the El Niño peak phase, this anticyclone intensely affects the 
climate in East Asia, including Korean, Japan and the northeastern China region. 
 On the other hand, the intensification of the convective activity in the equatorial CP 
leads to the anomalous cyclonic flow in the north Pacific via a PNA-like pattern and 
ultimately plays a role in suppressing the Kuroshio anticyclone. According to these dynamical 
processes, the strength and extinction of the Kuroshio anticyclone during the El Niño events 
is determined by the relative magnitude of both the convection decrease in WNP and the 
convection increase in the equatorial CP. In other words, the Kuroshio anticyclone develops 
in December because of the relatively stronger effect of the negative precipitation anomaly 
over the WNP. On the other hand, in January the negative precipitation anomalies in the WNP 
become weaker and the positive precipitation anomalies in the equatorial CP become stronger. 
 
In addition, the climatological easterly vertical shear is stronger over the equatorial CP in 
January than in December, meaning that the upper level response to the equatorial diabatic 
heating over CP is stronger, which leads to a stronger extratropical teleconnection. Therefore, 
the abrupt disappearance of the Kuroshio anticyclone in January is due to the dominant effect 
of positive precipitation anomalies in the equatorial CP (Son et al. 2014). 
 Based on these dynamical processes, we may evaluate why the prediction data failed 
to simulate the teleconnection patterns. So, the precipitation pattern of ENSO teleconnection 
is compared between the observation data and the GloSea5 prediction data (Figure 6). The 
observational patterns exhibit the typical precipitation features during the El Niño peak phase 
such as the positive precipitation anomalies in the equatorial CP and the negative precipitation 
anomalies in the WNP. Even though the SST patterns do not change much within winter 
(November to January), the tropical precipitation exhibits the significant intra-winter changes. 
Compared to the anomalies in December, the negative precipitation in the WNP sharply 
decreases in January, whereas the positive precipitation in the equatorial CP tends to increase 
with the southward shift. These features are also reported in Son et al. (2014), though their 
analyzing period is different. 
 As expected from the correlation skill of the precipitation shown in Figure 3, GloSea5 
captures the general patterns of the negative precipitation in the WNP and the positive 
precipitation in the equatorial CP (Figure 6a, c, e). However, it is clear that GloSea5 failed to 
simulate the observed intra-winter changes in the precipitation patterns. The WNP 
precipitation, for instance, is weaker than the observed in December (Figure 6c), but stronger 
in January (Figure 6e). Therefore, it seems the prediction data failed to simulate the observed 
sudden decrease of WNP precipitation from December to January. On the other hand, the 
anomalous positive precipitation in the equatorial CP becomes weaker in January (Figure 6e). 
These discrepancies may result in the different teleconnection pattern from the observation. 
 
 In order to investigate the relative precipitation magnitude between the observation 
data and GloSea5, the differences in the regression pattern of the precipitation are calculated 
(Figure 7). In November and December, both the WNP and the equatorial CP indicate a 
positive precipitation difference (Figure 7a, b). The positive precipitation difference means 
that GloSea5 simulates the WNP negative precipitation weaker and the CP positive 
precipitation stronger. The weaker negative precipitation over the WNP is related to weaker 
simulation of the Kuroshio anticyclone via the teleconnection pattern toward the mid-latitude. 
The overestimation of the equatorial CP precipitation also leads to the stronger cyclonic flow 
in the north Pacific. This plays a dominant role in weakening the Kuroshio anticyclone 
(Figure 5b, d). 
 In contrast to the case in November and December, the precipitation difference in 
January (Figure 7c) shows somewhat a different pattern. There is the negative difference over 
the WNP, which indicates that the prediction data overestimates the strength of the negative 
precipitation in January. This plays a role in maintaining the Kuroshio anticyclone in the 
model prediction, different from the observed evolution. Also, the precipitation differences 
between January and December in the prediction and the observation data are calculated in 
Figure 8. The positive (negative) precipitation difference indicates that the precipitation in 
January is stronger (weaker) than in December. Both data exhibits similar results, the positive 
precipitation over the WNP and the negative precipitation over the equatorial CP. This means 
that the negative precipitation over the WNP in January is stronger than in December, but the 
positive precipitation over the equatorial CP is opposite.  
In order to clearly compare the magnitude of the WNP (110˚E-150˚E, 0˚N-10˚N) 
and the equatorial CP precipitation (180˚E-130˚W, 5˚S-5˚N), the area-averaged 
precipitation anomaly in the observation and GloSea5 prediction data are calculated (Figure 
9). In the case of the WNP precipitation, GloSea5 simulates the weaker anomaly in November 
 
and December. In particular, the simulated precipitation is smaller by about 44% than the 
observed value in December. On the other hand, in January, GloSea5 precipitation is even 
slightly stronger than the observed. In addition, it is clearly shown that the negative WNP 
precipitation anomalies remarkably drop from December to January in the observation data, 
while the prediction data exhibits the increasing trend of the negative precipitation from 
December to January. For the positive precipitation over the equatorial CP (Figure 9b), 
GloSea5 tends to overestimate the precipitation in November and December while 
underestimation is seen in January. In the observation, the area-averaged positive anomaly is 
slightly stronger in January but almost the same magnitude, though the maximum value of the 
precipitation anomalies as shown in Figure 6f is distinctively stronger. This is related to the 
southward shift of the precipitation pattern (Harrison and Vecchi, 1997). Though the 
magnitude of the precipitation is quite similar, their effect on the extratropical teleconnection 
can be considerably larger in January. Since the climatological easterly shear is the largest in 
January, the upper level response to the diabatic heating is stronger (Wang and Xie, 1996; 
Wang et al., 2000), leading to the stronger extratropical teleconnection response. GloSea5 
shows substantial decline of the positive precipitation from December to January. This leads 
to relatively weaker intensification of the cyclonic flow over the North Pacific compared to 
the observation, which can partly contribute to the survival of the Kuroshio anticyclone in 
January. 
 
5. Teleconnection difference from ensemble spread 
 
So far, we showed the intra-winter changes in the El Niño teleconnection pattern 
based on the observation data and GloSea5 prediction data over 14 years. Clearly, the 
prediction data have discrepancies in predicting the teleconnection patterns on average, and 
these discrepancies can be explained by the dynamical process suggested by Son et al. (2014). 
In turn, these strong relationships between the biases in the tropical precipitation and 
extratropical relation support the observational hypothesis on the relative roles of the WNP 
and the equatorial CP precipitation. However, there is still a limitation due to the small 
sample size of 14 years. In order to make up for this issue, the individual ensemble members 
are analyzed. In the previous section, we showed the ensemble mean result based on the 12 
individual ensembles. During the same El Niño years, the individual prediction members 
simulate the precipitation and the teleconnection pattern very differently. Therefore, the 
relation between the tropical precipitation and extratropical teleconnection patterns among 
individual ensembles will provide a good place to test the observational hypothesis. That is, 
we may check the relative roles of the WNP and equatorial CP precipitation in the evolution 
of the Kuroshio anticyclone based on the ensemble spread; since the dynamical process on the 
Kuroshio anticyclone, suggested by Son et al. (2014), should work on the individual ensemble 
members. 
Before we check the WNP and the equatorial CP precipitation roles, the precipitation 
spread based on the 12 individual ensemble members is shown in Figure 10. The noise related 
in precipitation signal is in response to the SST. The precipitation over the WNP especially 
has strong discrepancies from November to January compared with the other area. This 
clearly means that each ensemble members in the prediction data diversely simulates the 
 
precipitation in the WNP. So, the teleconnection pattern during El Niño towards East Asia 
can be different in each ensemble members because of the WNP precipitation response 
affecting the Kuroshio anticyclone. 
In order to separate the relative roles of the WNP and the equatorial CP precipitation, 
we divided individual ensembles into two groups. Firstly, we selected the El Niño years, 
when the NIÑ O3 SST is greater than its 0.5 standard deviation. Among the 14 prediction 
years from 1996 to 2009, total of 6 years were selected as the main El Niño years: 1997/1998, 
2002/2003, 2003/2004, 2004/2005, 2006/2007, 2009/2010. As to each of the El Niño years, 
among the 12 ensemble members, some members were selected into two groups based on the 
WNP (110˚E-150˚E, 0˚N-10˚N) and equatorial CP precipitation (180˚E-130˚W, 5˚
S-5˚N) in each month. One is for the strong negative precipitation in the WNP and the weak 
positive precipitation in the equatorial CP, compared with the ensemble mean precipitation 
anomaly in each region. The other had the opposite condition, the weaker negative 
precipitation in the WNP and the stronger positive precipitation in the equatorial CP than the 
ensemble mean precipitation anomaly. Hereafter, the former is designated as “strong WNP 
case” and the latter one is “strong CP case”. 
 Figure 11 shows the El Niño composites of the precipitation anomalies for the strong 
WNP case and the strong CP case. As expected, the strong WNP case is characterized by the 
strong negative precipitation in the WNP and the weak positive precipitation in the equatorial 
CP. On the other hand, the strong CP case shows the weak negative WNP precipitation and 
strong positive equatorial CP precipitation. The former can be linked to the observed 
December forcing, and the latter can be linked to the observed January forcing under the same 
basic states. Because the precipitation in the equatorial CP is a direct response to the SST 
warming, the inter-model spread is relatively small. The WNP precipitation, however, is 
 
affected by the complex dynamics (e.g. Wang et al., 2000; Watanabe and Jin, 2003; Kug and 
Kang, 2006), and the ensemble spread is considerably large. 
 The teleconnection pattern will be determined by the tropical diabatic heating and 
tropical/extratropical background states at large extent. Based on the two groups, we may 
isolate the impact of the different tropical diabatic heatings on the teleconnection patterns by 
comparison in the same month. Figure 12 displays the teleconnection pattern at 850-hPa 
during the El Niño events between the two cases. In the strong WNP case, the Kuroshio 
anticyclone clearly exists in November (Figure 12a). Note that the ensemble mean result does 
not show the anticyclonic signal in East Asia (Figure 5a). In the strong CP case, it is evident 
that the cyclonic flow overwhelms the north Pacific while the Kuroshio anticyclone is hardly 
found (Figure 12b). In December, the anticyclonic flow exists in East Asia, and small-scale 
eddy structure prevails over the North Pacific, possibly due to the extremely strong negative 
WNP precipitation (Figure 12c). In the strong CP case, on the other hand, the cyclonic flow 
still overwhelms the North Pacific, and the anticyclone flow is weakly found in East Asia. 
In January, the weak anticyclone flow is found in the western part of the North 
Pacific and the cyclonic flow is dominant over the North Pacific, where the strong WNP cases 
are composited (Figure 12e). In the strong CP case, the explosive cyclonic flow settles down 
over the whole North Pacific including East Asia (Figure 12f). It is quite interesting that the 
strength of the cyclonic flow becomes stronger in January than in December, though the 
positive precipitation is slightly weakened in the equatorial CP. This implies that the January 
basic state, like stronger easterly shear, induces stronger extratropical teleconnection 
responses. In addition, the weaker negative WNP precipitation in January plays a critical role 
in the strong development of the cyclonic flow. In summary, the strong WNP case 
consistently shows a relatively strong anticyclone flow near East Asia and a weak cyclonic 
flow over the North Pacific in the all months. Conversely, the strong CP case consistently 
 
shows relatively strong cyclonic flow over the whole North Pacific, and hardly simulates the 
Kuroshio anticyclone. These results strongly support the relative roles of the WNP and the 
equatorial CP precipitation anomalies on the extratropical teleconnection over the North 
Pacific. 
6. Climatological field in tropics and extratropics 
 
Figure 13 shows the monthly mean precipitation climatology between the prediction 
and the observation data from 1996 to 2009. The overall precipitation pattern between the 
prediction and the observation data is similar. As compared with the observational 
climatology (Figure 13a, c, e), the precipitation pattern simulated in prediction appears to 
have a heavy precipitation in the tropical region including Indian and Pacific Ocean. Also, the 
observational precipitation tends to drop in January compared with the early winter time. In 
contrast to the precipitation in the observation data, the prediction overestimates the 
precipitation in the tropics. 
The prediction data simulates well both 500-hPa (Figure 14) and 850-hPa (Figure 15) 
field as well as the precipitation. Since the climatological field in tropics and extratropics is 
practically the same as the observation, the fail in the teleconnection patterns using prediction 
model is not directly related to the mean atmospheric condition. It is noticeable that the great 
part of the teleconnection pattern can be explained by the negative precipitation anomalies 




7. Summary and discussion 
 
This study investigates the intra-winter changes in the atmospheric circulation over 
East Asia associated with the ENSO from the seasonal prediction data, which are 
operationally used in the Korea Meteorological Administration (KMA). We found here that 
the seasonal prediction data shows poor ability in predicting the extratropical teleconnection 
pattern associated with ENSO though the predictive skills for the tropical SST and the 
precipitation are quite high. In particular, the prediction model has a serious problem in 
simulating the strength of the Kuroshio anticyclone in early winter and the sudden decay in 
January. This study explores the reason that the prediction model failed to simulate the 
teleconnection pattern. In spite of the high correlation skill for the precipitation, the prediction 
model has poor ability in simulating the detail evolution of the WNP and the equatorial CP 
precipitation anomalies. First, the prediction model simulates weaker negative WNP 
precipitation in early winter, which is responsible for the weak Kuroshio anticyclone. Second, 
the prediction model does not simulate the weakening of the WNP precipitation from 
December to January, which is related to the sudden decay of the Kuroshio anticyclone. Third, 
the prediction model tends to simulate a decrease of the positive equatorial CP precipitation 
from December to January, which partly contributes to the persistent Kuroshio anticyclone in 
January. 
 These strong relationships between the biases in the tropical precipitation and the 
extratropical circulation in turn support the observational hypothesis on the relative roles of 
the WNP and the equatorial CP precipitation. This is further convinced from the analyses of 
the ensemble spread. It is shown that the extratropical teleconnection during the same El Niño 
year is quite different among the ensemble members, and the WNP and the equatorial CP 
 
precipitation anomalies are important components in controlling the ensemble spread of the 
extratropical teleconnection. That is, the ensemble spread clearly supports the relative roles of 
the WNP and the CP precipitation anomalies on the extratropical teleconnection over the 
North Pacific. 
 The present results have two prominent implications. First, the hypothesis suggested 
in the observation data is confirmed by connecting the estimation problem in the tropical 
precipitation and the incorrect teleconnection. Second, the performance of the KMA 
operational seasonal prediction model in predicting the teleconnection is evaluated. Based on 
the relation between the tropical precipitation and teleconnection pattern simulated in the 
prediction model, the forecast skill for the extratropical regions can be improved using the 
statistical post-processing (e.g. Kug et al., 2008a, b). Furthermore, our analyses provide a 
direction on how the prediction model can be improved to have a better prediction skill in the 
extratropical region. In spite of these implications, this study can be extended further. So far, 
the available prediction data of GloSea5 is relatively short and our prediction results (e.g. 
systematic bias) might be dependent on the data period. The long-term hindcast data is needs 
to be evaluated the systematic bias in the tropical precipitation and the teleconnection pattern. 
In addition, our results are based on a single prediction model. The results can be model-
dependent, more robust results can be obtained from a multi-model framework. In particular, 
since most CMIP5 climate models have a difficulty in simulating the Kuroshio anticyclone, 
the multi-model analyses can give an insight to what the commonly missing component of the 
state-of-the-art climate models is in simulating the El Niño teleconnection in the extratropics 
including East Asia. 
CMIP5 multi-model ensemble analyses are not including in this paper, it also failed to 
simulate the teleconnection patterns. CMIP5 captures well the typical patterns of the negative 
precipitation in the WNP and the positive precipitation in the equatorial CP. However, the 
 
WNP precipitation is considerably weaker than the observation. As a result, the Kuroshio 
anticyclone is continually weak in the early winter time. In January, the anomalous positive 
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Fig. 1. The correlation coefficients between the observed and predicted Niño SST indices.  
Gray line denotes the correlation persistence for observed August from 1996-2009. (a) Niño3, 






Fig. 2. The correlation coefficients between the observed and predicted SST in (a) November, 
(b) December and (c) January from 1996-2009. Black dots indicate that the correlation skills 












Fig. 4. Regression of 850-hPa geopotential height (shaded; m) and wind (vector; m/s) with 
respect to Niño3 SST for 850-hPa in (a) November, (c) December and (e) January, and for 
500-hPa in (b) November, (d) December and (f) January from 1996-2009. Black wind vector 












Fig. 6. Linear regression of precipitation with respect to Niño3 SST of the prediction (left 
panels) and the observation (right panels) in November, December and January during ENSO 






Fig. 7. Difference in GloSea5 and the observation regressed fields of precipitation with 
respect to Niño3 SST in (a) November, (b) December and (c) January during ENSO peak 






Fig. 8. Difference between January and December regressed field of precipitation with respect 






Fig. 9. The area-averaged precipitation regressed with respect to Niño3 SST in November, 
December and January for the period of 1996-2009 (a) WNP (110˚E-150˚E, 0˚N-10˚N) 






Fig. 10. The precipitation ensemble spread (        ) between the 12 members of GloSea5 






Fig. 11. El Niño composites of precipitation for the strong WNP case (left panels) and strong 
CP case (right panels) in November, December and January for the period of 1996-2009. 












Fig. 13. The monthly mean precipitation climatology of the prediction (left panels) and the 












Fig. 15. The same as Fig 14, except for geopotential height and wind at 850-hPa. 
